
i 

3 

MR No. L5112 

TI C cs 

October 1945 as 
Memorandum Report L5112 

AN INVESTIGATION OF TIB RANGER V-nO-8 ENGIEE 

INSTALLUXON FOR TELF: ED0 XOSE-1 AIRPLANE 

I - COOUNG 

3s Robert M. C o e  and M. Arnold m m ,  Jr. 

Iangley Memorial Aeronautical Ubomtorg 
Iangley Field, Va. 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. ‘i’hey were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



f o r  the 

Burem of Aeronaut lcs ,  Favy DeFartment 

I 

-r 

Cyl inder  tern7eratures xere  belcw s ? e c i f  i -cd  l i r : i t s 9  
bu t  excess ive  tem?ers tures  xe-e measur-ed a t  t h e  magneto 
and! other. l o c a t i o n s  on or %bout t??..s eng4Le. 

The t h r e e  b a f f l e  t p e s  were ezch Qf x e r f t  i n  coo l ing  
a d i f f e r e n t  r e g t o n  on t 5 e  cgl.inder. Lq cptirnuin baffzle 
des ign  i s  thiJs i n d i c a t e d  t o  zoTbine the  b e s t  r e a t u r e s  of 
t h e  t h r e e  t e s t e d .  
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IMTRCInUCT I O N  

A t  t h e  rcquest of the  Sureau of Aeronautics, ??av:; 
Department, an i n v e s t i T a t i c n  cf tile cow~-il;'g and cooling 
c h ! w m t e r f s t i c s  of t h e  nower-plant i n s t , > l l a t i o P  f o r  t h e  
?d.o X0S.Z-l a f r p l a n e  has  been c z r r i e d  o u t  i n  ths Lsngley 
p r o 2 e l l e r - r e s e a r c h  tunne l ,  Tl iEs  aLrp1a:ie i s  a scout  
observa t ion  s i n g l e - f l o a t  seaplane po*.vered wfth a Fiertger 
Tp-'?70-3 engine .  It has  a desfgn hfgh speed wPth mil i tay,~ 
power of a2proxirnately 192 rciiles ;3er hour and a c1 -hk in .g  
speed of 108 mi le s  pe r  hour.; maximiam endurance i n  cruis i r ,g  
flight fs obta ined at, 90 miles  p e r  hour wi th  30 percent of 
r,ormal power 

Tne wind-tunnel mode l  WJS a f u l l - s e t - l e  mock-u? o f  C,he 
f o r n e r d  part of the  fu se l age  and the  inboard  s e c t i o n s  of  
the  wings, From the  f i r e w s l l  fcrward, the engine and 
coivl i rg  LnstaI la tTon dizp;icated that  ,2roposed for the  
prototype a i m l a n e  + 

I The p r e s e n t  r e p o r t  contafno the  r s s u l t s  ~f best:: made 
t o  determfrre cooling c o r r s l s t i o n  equa t ions  for two s e t s  of 
b a f f l e s  from TFlhich the  y e a s u r e  + ro?s  r e q u i r e d  for coo l ing  
the  enelne for Feveral  . f l i g h t  ancl 2ower cond i t i ons  a r e  pre- 
d i c t e d  and compmed w i t h  those  avaflabls t o  de t e rn ine  t'ne 
adequacy of the  e n g i m  c,oolfng, I n  a d d i t i o n ,  r e s u l t s  of 
measureizents of h e a t  r e j e c t i o n  from t5e  engine t o  the o i l ,  
and ot'ner c i l  c o 0 l - e ~  d a t a  8 r e  pr6seGted. Frox t he se  the  
coo l ing-a f r  ?ressui-e d ro9s  required for the same c o n d i t i o n s  
used i n  t he  engine coc1inc p r e u S c t i o c s  a r ~  Drec'ictec! and 
compared with pres su re  droy;s avai l .abls  t o  determine if the  
o i l  cc.oler is adeqixtite. Cy l inder  k m p e r s t u y e s  and o t h e r  
i m t a . 1 1 2  t i .cn tarnperatur.3 s were measured under t e sk  ccndi- 

roxlmztLng sea- - leve l  c l i n b  a t  mil i tai-y power and. 
maxfcum cndurance c r u i s e  e Aft;r c o r r s c t i c n s  tc s t m d - s r c t  
cond i t i cns  had been niade, t he  varfous i n s t a l -l a t i o n  termer- 
atures were cotxpare8 witk 1 i ? n l t I n , ~  t e m p c r s t v r e  valiies t o  

x 



The virid-twmel model ( f2g .  1) was f a b r i c a t e d  of 
metal and  pl.yvood t o  t h e  s c & l e  o f  t h e  a c t u a l  a i r p l a n e ,  
dup1ica t fng  the fo rva rd  p a r t  of the P u s ~ k a g e  and t h e  
inboard wing s e c t i o n s  T a e  pr2inclpal dimensions o f  the  
model a r e  given i n  f igure  2. 

corr,pany , is d i scussed  ir! d e t a i l  i n  r e f e r e n c e  1 T h f s  
cowilng I s  sfmilar t o  one developed p r e v i o u s l y  a t  the  
Langley Lsbora to ry  f o r  a s i m t l a r  engine f n  t h e  B e l l  XP-77 
a i r p l a n e  A l t e r n a t e  arrangements and modif?-cations cf t h e  
cowling, i n c l u d i n g  shuc t e r  and f l ap- type  c o o l i n g - a i r  e x i t s ,  
were evaluafed  i n  power-off t e s t s  and r e p o r t e d  i n  r e f e r e n c e  1. 
The conf fgura t ion  w e d  Sn t h e  power-on t e s t s  of 'the p x s e n t  
r e p o r t  .md shown i n  f igi i re  3 was based upcn t h e  r e s u l t s  o f  
t h e  pov7es?-off t e s t s  d .1 -  c o o l i n g- a i r  and charge- air  r e a u i r e d  
by the engine e n t e r e d  through t h e  c#3wl%ng i n l e t  t o  the  
p m s s u r e  box. (See ffgo 4") Carbure tor  and o i l - c o o l e r  a i r  
vere  then taken from the  r e a p  of t h e  p r e s s u r e  box. Ttzruing 
vanes were I n s t a l l e d  i n  the  engine-cool fng-a l r  e x i t s  and 
Ln. the- o i l - c o o l e r  i n l e t  d u c t .  The i n l e t  and e x i t  a reas  o f  
t h e  c o v l i n g  components a r e  g iven  i n  the folloin7ing tabpe:  

The C O w l i n S ,  Cesigned arid c o n s t r u c t e d  by t he  Ranger 
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D r o p e l i e r 2  . . e FTemilton Stmdzi rd  (6121812) x i th  
n o 1  d 5;' d b l  acle r oo t f a  I.r in,? s 

Ty?e . . . e a . e Constant speed 
Fuaber of blades . . . . . . . . . . . . . . . . .  2 
C i a m t e r ,  ft . e . = , 9 

Three t y p e s  of' b s f f l e s  were i n s t a l l e d  on t h e  engine 
i n  t h e  course of t h e  t e s t s ,  These a r e  shown diagram- 
m a t i c a l l y  i n  figupe 6.  
use on the  V-770-6 ?.nd V-7'70-8 engines  were i n s t a l l e d  on 
the   outboard s i d e  of  t h e  c y l f n d e r  b a r r e l s  o n l y  a s  a h o m  
In f i g u r e  7 .  Turbulent- flow b a f f l e s ,  p revfous ly  used in 
experirnentzl  i n s t a l l a t i o n s  of an e a r l i e r  ve r s lon  of t h f s  
engine ,wep,e i n s t a l l e d  on both the lnboard  and  outbotird 
s i d e s  of  the  c y l j n d e r  heeds and b a r r e l s  (See f i g .  3 ,  
The turbulent-flow b g f f l e s  were modified t o  p e r m f t  adjust- 
ment of the  space between the b a f f l e s  on the c y l i n d e r  
b a r r e l s ,  
t he  Labora to ry  t o  cover  o n l y ,  the c y l i n d e r  b a r r e l s .  
f i g , .  9 , )  
t o  reduce e x i t  l o s s e s  eqcountered w f t h  t h e  o t h e r  t y p e s  
o f '  b a f f l e s .  
l e f t  bank o n l y ,  

Conventional b a f f l e s  c u r r e n t l y  i n  

k t h i r d  b a f f l e  was designed and cons t ruc ted  at 
(See  

The dlffuser ex.9.t of this bafT1c was desigrled 

The diffuser b a f f l e s  were i n s t a l l e d  on the  

Tw;e a r rangeKent  ol' t h e  o i l  - c c o l e r  instellation is 
sho'.m in P i p r e  3 .  SGZY~~ pcrItiEent d a t z  crl the oil c o o l e r  
and 05l- -cooler  s y s t e n  8 ~ e  $veri i n  the f'ollcw?.ng t a b l e :  

O i l - c o c l e r  duc t  
I n l e t  a rea ,  sq ft. . e . a . . . 0.22 

C77-3 - modified to pass 

S?a*ie  T l l i ? t i c a l  
4PS9, z q  in. 74 
De?-i;k,ir?. 9 
Tube, diameter ,  i n .  . . . . . . . . . . . . . .  9.21 

all of1 f 3 . o ~  tl?rcu.gh the cOre O L 1  cooler 0 . , 0 * . 
. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  



i n  f i g u r e s  1 and 3. Cooling- afr  s~~roouds were i n s t a l l e d  
o n  t h e  s t t x k s  as shown i n  f i g u r e  5. 

Ins t rumenta t ion  

S t x d m d  engine InsI;r.r~rncti?ts inc luded i n  the  c o n t r o l  
pane1 were o i l ,  f u e l ,  at?.& m n i f o l d  pres~ure gages, o i l -  . 
i n  thermometer, a i d  exigSne tachomster . These were supple-  
mented 3y numwcm thermccouples,  p r e s su re  . tubes, and 
miscel ioneous i n s t r u m n t s  'install-ecl a t  the  I Laboratory.  

h ~ y l j - n c l w  tamperzturss  wrc3i-e measured a t  t h e  f l ange  and 
i n  the  sFark-plug wel l ,  b o t h  ilzboard- an6 outboard,  and a t  
outboard c e n t e r  o f  thc cy3 inder b a m e l  with imbedded 
thermocouples. 4dd1 t i g i z a l  Labedded thermocouples were 
i n s t a l l e d  o n  c y l i n d e r s  1i-L and 4-R t o  o b t a i n  temgerature  
v a r i a t i o n s  over  an e E t i r e  cy l f r ids r ,  Gsske t thermocouples 
were b s t a l l e d  uni-?er each s > a ~ k  plt,g, B e t ~ i L e d  location 
or" the  inibeddkd thermz;o~pl3s is shown i n  f i g u r e -  12. I ron-  
cons tan tan  w i m  was vsed: I n  all. thermocouples and a l l  

. temper3txires ?::$re recorded witk.*fn t30F by a ~ r o w n  s e l f -  
b a l m  c i n p  ?o tor ;  t i one t e r  . 

' 

Cool ing- ai r  4- mn?erat ,ures 7~~erc3 measured with thermo- 
couples i n s t z l l e d  s t  t h e  cowling i n l e t  and. e x i t s ,  in the 
engine vee,  and f n  tke  accessory  coiq?artnient. Shie lded 
tl-mrrnocoiipies wcre xsed ir, t he  engir;e vee (fig. I+) t o  
minimize e r r o r s  caused Sg r a d i a t i o n ,  A i r  t emyeratures  I n  
the  wind stream and i n  t he  c a r b u r e t o r - a i r  i n l - s t  were 
measured wi th in  23-O Y o n  r e s l s t a n c e  thermometers. O i l  tern- 
p e r a t u r e s  i n t o  and o u t  OS the  engine  were measured w i t h  
r e s i s t a c c e  thermometers (a.?proximate error 2x0 71, 

Cool ing- air  ysressures xvere qea.surc?d with open-end 
tubes  i n s t a l l e d  Setween the  cylinc?ep heads and i n  low- 
v e l o c i t y  r e g i o n s  behind the  b a f f l e s  as  shown i n  f i g u r e s  6,  
7, 8, and 13. C i l - c o c l e r  a i r  p r e s s u r e s  were measured by 
open-end tubes  extending through the  coo le r  tubes  t o  each 
f a c e  8 s  sh.ovn i n  f l g u r e  10. Additional p re s su re  measure- 
ments, d i scussed  i n  r e f e r e n c e  1, were mcsde i n  the  cowling 
I n l e t ,  cooling-air e x i t s ,  c a rbu re to r  deck, and o t h e r  loca-  
tions. A l l  p r e s su re s  were recorded from v i s u a l  obse rva t ion  
of a mu l t i t ube  manoneter. 

Fue l - a i r  r a t i o  vl'as sqt  approximately from a Cambridge 
f u e l - a i r  meter e A c c u ~ a t e  de te rmina t ion  was then made from 
fue l - f low rtlep.surenents c;btaineL .;?rith 4 r o t a z e t e r  and f rom 
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s5.r-flow rneasursments ob ta ined  with a c a l i b r a t e d  r e c t a n -  
gi118r v e n t u r i  Tns t8aller? i n  the chsrge  f r  i n l e t  dljct. 
The measurements of cha rge- a i r  f low ob ta ined  w i t h  the 
v e n t u r i  were found t o  agree  x l t h i n  4- percent  with r e s u l t s  
fi?oxj. r e f e r ence  2 for corresponding engine- operat ing con- 
d i t i o n s ,  d i f f e r e n c e s  i n  a t ros l3her ic  condi t ion5  being coh- 
sideraed. r ,  

The o i l  flO-Cfii through t h e  engine w3s measured with a 
c a l i b r s t e d  o r i f i c e  instal1.ed between the o i l  tan.lc and the  
engine.  
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s p e c i f i c  h e a t ,  Btu per pound p e r  O F  

proi3se:i l e r  dlemater ,  fee t .  

f-uel-air  iTatio I 

t o t a l  T resswe ,  Inches  o f  water 

cons t an t  a s soc i a t ed  with c o r r e l a t i o n  a n a l y s i s  

exponer,t assccSa Yh (OaAPe) 

ex3onent a s s c c i g t s d  3vit.h ?'fD 

s t a t i c  p re s su re ,  inches  of water 
i 

p r e s s u r e  ckop = Hf - pr, inches of water  

dynamic pressure =--pV 1 2  , Inches  of water  

e f f e c t i v e  thrust, pounds 

t h r u s t  disk load ing  c o e r f i c i e n t  

temperature ,  OF 

chay5e-aj-r tem;r,erataro rise through blower, OF 

mean e f f e c t i v e  gas combustlcn t e r q e r a t w e ,  OF 

a 
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dif-ference between average o i l  and e n t e r i n g  a i r  

u n i t  heat; y.ejectioR, Rtu per  x i n u t e  per  3-OOo F 

veloc i ty ;  mi les  p e r  hour 

LemiJerature ; O F  

weight ( r a t e  flow, p ound. s p e r  second 

incrernent o f  

h e a t  r e j e c t i o n ,  Btu per  minute 

p r o p u l  sLve e f f i c i e n c y  

a i r  d e n s i t y ,  s l u g s  p e r  cubic  f o o t  

a i r  d e n s i t y  r a t i o ,  (p/e.002378) 
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S u b s c r i p t s  , 
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$ 0  

o i l  
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air a t  s t a g n a t i o n  cond i t ions  (upstream of  eng ine )  

o i l - c o o l i n g  air 

engixe-cool ing a i r  

upstream o f  o i l  coo l e r  o r  engine 

c y 1  i nde r  he ad 

Navy a i r .  

engine o i l  

engine charge a l r  . .  

downstreax of  o i l  coo le r  o r  engine 

s t anda rd  sea  l e v e l  

I T e s t s  were conducted t o  enable  p r e d i c t i o n  of  a n t i c i -  
pa ted  cooling of the engine cylinders and o i l  i n  flight 
a t  sea  l e v e l  and a t  a l t i t u i ? e ,  t o  e v a l u a t e  coo l ing  i n  

P 

d 



s imula ted  s e a - l e v e l  f l - i g h t ,  and t o  $va lua te  t h e  e f f e c t s  
of b a f f l e  Qrid cgli.nlleP modi f i ca t lons  on cool ing .  T h e  con- 
t i g u r a k i o n s  t e s t e d  under power-on c o n 6 i t i o n s  and d i scussed  
in the  p r e s e n t  r e p o r t  a r e  l i s t e d  In t he  fo l lowing t a b l e ,  
t c g e t b e r  w E t h  t he  , u l o t t i n g  symbols used i n  t h e  p r e s e n t a t i o n ,  

S h o r t  exhaust  s t a c k s  wiilithout shroucls 

S h c r t  exhaust  s t a c k s  without  shrouds 
Flapped.  engine- cool ing- ai r  e x i t s  , 

___I__--- -...------ I 

without  venss f irewal-l  gap s e a l e d  
-_I_-- ~- --- 

The ectcquac->r o f  c o o l i n g  of t k e  engir,s cglf:i?ers 2nd 
of  t h e  o i l  cooler f o r  s e v e r a l  eneLns STLG fl Tpkt condi’;;ions 
 as determined by copipeying coo l%nq-a f r  ?3,res~ur? C?PG?S 
requlred for given  te rper r t1 , re  lid. ts vi5 ti? tk-e pressiwe- 
d r o p s  avali lable.  Correlation me’&ods b r scd  on the wlnd- 
tunnel  t e s t e  enshled v r e d i c t i o n  o f  .the rcqtj.lred cool ing-  
alr pressure d r o p s  e ?ivzilabl.e pressure d ~ o p s  ’tlerc ob ta ined  
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Z’rorn wlnc?- t u m e l  t e s t s  s i x u l a t h q  f l i g h t  c o c d i t l c n s ,  as 
dIscusse6 ? n  r e f e r e a c e  1, The f l i g h t  cond i t i ons  s e l e c t e d  
for p r e d i c t i o n s  o f  coo l ing  adequa.cy a r e  def ined i n  the  
folloiwing t a b l e .  

o /g,oco i 1500 
$0 i 57 G4 

153 
1 Goo 464 
220 

Fl1ash 

The i n c r e a s e  i n  c r i t i c a l ’ a t t i t u d e  ovsr t h a t  of t he  engine 
xpecEf ica t ion  r e s u l t s  from ca rbu re to r  y a m ,  as discussed- 
4.n yeference  1.. 

Sngine-cyl inder  cooltng adeqGacg,- The engine-cgl inder-  
-”- I_-- 

c o o i l n g - c o r r e l a t i o n  analysis was ccnducted f o r  the  two ccn- 
f i g u r a t i o n s  exp loy tng  tF.e convent ional  b a f f l e s  znd! t he  
t z rbu l en t - f l ow  bal”fles.. Complete d e t a i l s  of‘ the  method o f  
ansl.ysLs ape ppssented l.n rc fe rs r , ces  35 4, Lnd 5 -  
snalysfs  leads t o  a r e l a t i o n  between cJrlinCier t e n p e r a t w e s  
and e.rigi~le an3 cocl-lng c ~ n d i t i o n s  fro:;? which the  cooling 
ch3.i-acterfst tcs  oi’ an engine can be ??reCfcted w-th a mini-  
inurn of  t e s t i n g .  The relation fs ex:Tressed 8.s follows: 

T h i s  

(1-1 th - ta - Ec: ( ?.f?-J j 
t g  - t k i  ( oaA?e)m 

- 

* 



Y 
11. 

t h  zverage hesd t expe ra tu re ,  “F (averFge  o r  temperatures  
me z s i i ~  e d ~ P J  i t h t he  rmo c 01;. p I 8 s fmSe 6 de d ne e r  tk e e xhau s t ~ 

and in t ake  spark pllxgs on a l l  c g l f n d e r s )  

axid- the  okher  q u n n t i t i e s  are 2s def’lned uiider Syrnbo2.s 

The s t a g n a t i o n  tempeyature  as determined frcm t h e  
e ~ 3 r  e E; s 1 on  : 

TT  2 
d h 

~ r o r r !  refeyenccs  3, 4, and 5 p  it can be cscer ta i r ie f i  
t h a t  

L -  UG, - tgo -b Atp ( 5 )  
v L’ 

The temperature tG0 ~ i s  a f f e c t e d  Ly f u e l - a i r  ratfo,.engine 
t iming, and  exhaust  back p r e s s u r e ,  For t he  p re sen t  t e s t s  
the  engine tErriing v m s  f i x e d  and the  bsck p re s su re  chanve 9 
was small.; t hus  t hese  f a c t o r s  were neg lec ted  L n  deterinLTing 
the  gas tei:m2ratu;?e e 

T h e  f n c r e m e n t ,  itg, i s  exFress92. E S ;  

where 

7 ) 

( the  increment n tcapb being experimental-ly ckterminedj  

- : t o  + %arb  
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To u t i l i z e  t h e  c o r r e l a t i o n  rne.thod of predLztion,  
whIch is based on cln averzge c s l - inde r  tevaperature: the  
relationship between the average  %emperature arid t h e  

- h f g h e s t  l i r n i t l n g  c y l i n d e r  temperatures  was e s t c b l i s h e d .  
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The colarelat ion equa t ion  may t hen  be used t o  predict 
t he  averaRe ?read tern?erabu>e when t h e  a v a i l a b l e  coolii-ig- 
a h  pyessure  drop, a.nd a l l  o t b e r  engtne and f l i z h t  c o n c i -  
t i cns  a r e  known, F' inaI ly ,  by' u s t n g  t h e  e s t a b l i s h e d  
r o l a t l o n s h i p  of h c ; t t e s t  versi:.s average t e q g e r a t u r e ,  t h e  
pezk c-,-linder t e n p e r a t u r e  n.aT: be p r e d i c t e d .  

l i t e p n a t i v e l y , .  t he  process may be reverased t o  p r e d i c t  
the  r e a v i r e d  presaurs ckop for a spec!.fjed l i m i t i n g  
temp e;? 5 i;ur e 

where t h e  value OS brzke horsepower bh? i s  t h a t  g iven  
in t a b l e  2.  

J 



t. !& 

t hese  t e s t s  tk9 engine was opers.i;ed a t  s t eady  c v n d i t i c n s  
m d  of?, temperatures -::ere s t a b i l i z e d ,  Pn’7et conc!itions 
were c o t  controlled, t h e  o i l  - i n  te rnnera t i i~e  var;rirGfrctm 
i57O F t o  2 1 4 O  k’, ar,d the  z k - i n  temp?ratu:-<2 va.rgfng I”r.cm 
? ! C G G F  to 125O F. 

t 

wh e r e 

(12) 

6s i n  t h e  engine-cpol- ing c o r r e l a t i o n  a:?zIysis, i t  i s  . 
possible to predict;  e it.ker t k e  l h i t i n g  ( o i l  out) texpera-  
tiire or t h e  requfred! cooling:-air p r e s s u r e  d r o p .  To  d c t e r -  
mine the r e q u i r s d  przss ixr r  d rop ,  t k e  s n L i n s - o f l  systenz 
c h a r a c t e r i s t i c s  are read. as 2 fumetion of  ;ngi.ae yevoli-:tiJns. 
p e r  minute and t h e n  usecq t o  ccrr;Jute t h e  unlt  h e a t  re jec t faw;  
f o r  xhich t h e  requLred c o c l i c g - a i r  flo-,v rr.ay be rehd.. The 
uncwrected- r c q l i l r e d  cooling-zfr p r e s s u r e  diaop, Sased OE 
t he  d e n s t t y  r a t l o  e t  t h e  r e a r  o f  t h e  c o ~ l e r ,  l ~ ~ a ; r  t hen  be 
read, 70 coprec t  fcr the a d d l t f ~ ~  of hea t  Lo the 8ir, the 
d s n s i t y  r a t i o  a t  the r e a r  CP t h e  oil z o o l e r  I s  s v z i l u ~ m c i  
b y  iJtfl.3.zins the F r e s s u r e  a t  t h e  fr-ont  of t h e  c o o l e r ,  the 
a:?i3rox5.rne t e  pr.ezsixre d r o p  t k i - ~ u g i ~  t b  c o c l e ~  aad. the oi.1.- 
h&a.t, r e 2 e e t i o n  chqi-rctzi;S s t i e s  
t h i s  s t e p  are: \ 

The  equations i ~ ~ e d  ia 

J 

I. 



f 

0,4?, 
"3. 

= - 

7-5 

(1.6) 

a 



T h i s  t e s t  i::fcrrnation enab les  p?edicti .cn of accessory  
tempera tures  n e t  p r e d l c t a b l e  by ai;y more Tigorous rnsthod 
y e t  dt?veloL2ed. Snasnuch as  theso t e s t  c o n d i t i o n s  c l o s e l y  
apFroxii-riats s e a - l e v e l  f l ighL, con3f t ions  the i n d i v i d u a l  
c y l i n d e r  t e x p e r a t u r e  s rar ia t ions  :rem ";he average m e  corl- 
n m s b l e  t o  t h e s e  wl:i.c'll ~:ou!.d be experfericed i n  f l l g t h .  
Tn ad ?I i t i on  
t e q e r a t u r e s  may be rnade. 

a c c rflp ar i s cn 7 r ~ i  th c o r r e l  at. 1 o,rl -?r e d i c  t e d 

In order  t c  eiraly8k:e t h e  e i ' f c c t s  or1 englne-cyl inder  
an6 othpi, s n ~ i c s - i n s t a l . l a t i o n  t e q 3 e r a t u r e s  of d i f f ' e ren t  
c y l i n d e r  b a f f l e s ,  t e s t s  of t h r e e  b e f f l e  t g v e s  were COLI- 
ducted st t h e  r_ori-a,l D J ' G : : ~ ~  cl!-.lr!b condP.c'*on, a n p r o x i m t e l y ,  
The conven t io ra l  e n g i m  b a f f l e s  t k e  t u r b u l e n t - f l c w  
b a f f l e s ,  a n 3  t h e  d i f f l 2 s e r .  b a f f l e s  were t;es"sd. A s  indL- 
c a t e d  In t h e  c o n f i k w z t i o r i  cab]-e, t h e  dfffuser b a f f l e s  
were i n s t a l l e c i  on tb-e 1 e f t  b a ~ k  on]-y, %he t u P h l e ~ i t - f l o \ * t  b 

b a f f l e s  b e i n g  i r ts ta l lecl  o n  t h e  rt@t bank f o r  this c0nfFg.u- 
r a c i o n ,  Thhe t e s t  ccnciitZons e r c  nc ted  Pn t h e  foil-owing 

I table:  -_ .-I , -  L- II_- 

( F l i g h t  c s n d i t i o n :  :Jsrxal yjc-.-ier cl-fmb, a;qToximately i 
1 

In the p r e s e n t a t i o n ,  t h e  r e s u l t s  i n v c  been corrected.  'q 
the niethod of r e f e r e n c e  6 t o  a cornmoi? t i i1ct  air t exse r s tv re  
of 900 P, The c g l i n d e r  te rnperabne  sf coF-f igura t ion  ITC 
has been P u r t k e r  c o r r e c t e d  t o  a f u e l - a i r  r a t i o  of 0.098 

from the engfne-cool ing c o r r e l a t i o n .  

The e f f e c t s  on c y l i n d e r  temperctures  of varying  the 
b a f f l e  spac ing  on t h e  cyl. inder barpel  s were eva lua ted  
with t h e  turbuleEt- f low b a f f l e s  on a l l  cy1 i nck r s  (conf  igu-  
r a t i c n  I I I b )  at a t e z t  condi t lor i  appmxlmEting 90 p e r c e n t  
nower climb. The p resen ted  r e s u l t s  heve been c o r r e c t e d  t o  
a cormon i n l e t  a i r  teniperatu2.e and i? corm+on f u e l - a r r  r a t i o ,  

http://p?edicti.cn
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-t;'i.ese plots enables  p r e y a r a t  t o n  of the corfipleted anal.ysi. s c 

c u - t ~ c s  i-n f igrirc 19 vlrheiice t h e  c o r r e l a t i o n  equat ions  were 
o?j.t;xi.r,ed as 

( b )  Conf lgura t ion  JIIa 

The v a r j  2.tion of r e f e r e n c e  tzear: e f fec t - ivs  &as tpmperz- 
t - A r r ?  v ; i t ; i  f'ue1-Li.r r F . t - 1 0  fs shown i n  f i q i r ' e  20,  I t  was 
~css1.Ll.e t o  f a 5 r  a cGmrilon curve tiirov-gh the  p o l r + t s  obta lned  
f o r  b o t h  c o c f i f y r a t f o n s .  I n  obtainir ,g  t1ii.s curve 8 car-  
b u r e t o r  ter??erati,:I?e rise of 7 3 ,  ex;?erirnentallg d e t e r n i n e d ,  
~ c . 3  G S C ~  i n  eq 
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A sample c a l c u l a t i o n  i s  shown i n  Appendix A.  

The a v a i l a b l e  pressur-e drop is adequate for each o f  
t he  s p e c i f i e d  f l i g h t  condf t i ons  witn t he  mixture  s e t  a t  
automatic r f c h .  With the  except5.cn of t he  tu rbu len t- f low 
b a f f l e  i n s t a l l a t i o n  i n  m i l i t a r y  climb, t he  a v a i l a b l e  p res-  
su re  drop is also adequate f o r  t he  s p e c i f i e d  f l i g h t  condi-  
t i o n s  wftii tke  mfxture s e t  a t  automatfc l e a n .  

The s e l e c t i o n  of e x i t  a r e a s  ar,d f l a p  s e t t i n g s  t o  
f u r n i s h  a r e q u l r e d  p re s su re  d2op i s  d i scussed  i n  ref'erencel, 
t oge the r  w i t h  a p r e s e n t a t i o n  of cowling des ign c h a r t s .  It 
i s  apparzlrt t h a t ,  with tht? rnixturG a t  automatic r i c h ,  the  
cowl f l a p s  may be partially c losed  thereby  reducing the  
drag and p m i i t t i n g  higher flight speeds .  A l t e rna t ive ly ,  
t he  n f x t u r e  ma7 be s e t  a t  automatic l e a  and the  f u e l  con- 
sumption decreased for kiigh power ope ra t i on  a t  the  expense 
of a l m g e r  cowl ing  drag.  

o i l - c o o l i n g  c o r r e l a t i o n .  - The c h a r a c t e r i s t i c s  o f  the  
e n g f n = - 1 1 c a t i o n  s y s t m  ss a f m i c t i o n  o f  engine revolu-  
t i o n s  per  minute a r e  shown In f i g u r e  2 3 ,  The-heat r e j e c -  
t i o n  f rom the  engine to t h e  oil, the  o i l  temperature r i s e  
ac ross  t h e  engine ,  t h e  p a t e  of o i l  f l o w  arid o i l  p r e s s u r e  
a re  sliovm. To i n d i c a t e  the  engine horsepower of the t e s t s ,  
a curve o f  manifold p re s su re  I s  also shown. A m a x i m u m  
o f l -hee t  r e y e c t i o n  o f  211313 Btu per minute was measured a t  
3300 r e v o l u t i o n s  per  KinUte, a-t an 021 Plow o f  105 pounds 
per  x i n u t e  and a temperature d f f f3 rence  of 36' F' between 
o i l  out of the  engine and o i l  into the  engine .  KO e f f e c t  
of b a f f l e  con f igu ra t i on  was note?. i n  tkiese t e s t s .  

The u n i t  h e a t  r e j e c t i o n  of t he  oil coo le r  as a func-  
t i o n  of o i l - c o o l e r  a i r  f low i s  3town i n  f i g u r e  24. I n  
addfkiai the  v a r i a t i a n  o f  t he  coo l ing- a i r  p r e s su re  drop 
across  t h e  coo le r  2s  shown as a fwnct ion of coo l ing -a i r  
f 1 oi4v . 

Pred fc t ed  adequacy o f  o i l  cool ing. -  
c o o l i n g- a i r  prt3ssure drop, pred4cEZT7;T the  c o r r e l a t i o n  
method f o r  t he  f l i g h t  cond i t i on  s p e c i f l e d  i n  t a b l e  2, I s  
compared i n  tne  fo l l owing  t a b l e  w i th  t h e  a v a i l a b l e  p re s su re  

The r equ i r ed  o i l -  

drops 1 

http://except5.cn
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Mc~sured  Cooling i n  Slr:i~i.latecl. F l f e h t  a t  Sea L.evel 

ECngine c y l i n d e r  temperatures  measured d.uring t e s t s  
a p ; ? r o x f r a t h g  m i l i t a r y  power clfmb and c r u i s i n g  f l i g h t  
condf t fcns  a r e  shown i n  f i g u r e  25,  and corresponding 
i n s t a l l a t i o n  temberatures  a r e  gfven Ti? t a b l e  5 ,  p a r t  (8). 
These t e q e r a t u r e s  have been c o r r e c t e d  t o  a ~ .  i n l e t  afr 
teniperatu.re of Y O o ,  and i n  t a b l s  5 9  t h e  c o r r e c t i o n  f a c t o r s  
used a r e  t a b u l a t e d .  Cyl inder  t smpers tu res  v e r e  c o r r e c t e d  
by a f a c t o r  of 1.0 on the  'ncsds and 0,7 on the f l anges .  

Tengerature l i m i t s ,  with wllich t hese  r e s u l k s  m g y  be 
ared ,  a r e  listed f n  the  f01lowTng t a b l z s ;  

~ g l - i n d e r - T e m p e r a t u r ~  1 I n i t s  
I- -___ i_* ---_I -------_----x_ ___-__---__--.-I 

I I ( O F !  1 

518 315 i 1 
i 302 1 @ - * - 

Spark plug i k 1.ange 
gas ke t t e mp e ratwe t e - w m  tur e ~ 

-~ ___- ~ -___ i (OF) I Power rating 
_- .---- -_-- d- .----I_-- --_-.--.-----_.---_-_ 

31 5 i 
i- 

f Normal, 500 bhp - hr I 

M i l i t a r y ,  450 bhp 

Cru ise ,  350 bhp and Selow 
--l_l_-._l_- i-- --- 



22 

Ins t a l l  ation-Teniper stv.re L k i i t s  

! 
lk5 

O i l  o u t ,  maxiwwn 220 
Spark-plug e l  bow 250 

175 
l@ 

' Ptagneto I 
9 

Bc c e s sory c ompar ttrlent I 
Carburetor  r 2 se I 

The s29cif iecl  l i h t t z  w e ~ e  exceede$ i n  t he  accessory  
compartment 3 t  t hc  c ru i s l2g  cond t t i on ,  arid o n  t he  ixagrieto 
a t  both t h e  cruislxig arid c l im5lng  c o n d i t i o n s ,  The carbu-  
r e t o r  a i r  temgerakure d i d  nc;t excee;d the  Limi t o  

T h e  p a t  t e r n  of engine -c;-lind.er varla t i o n  was general ly  
unaf fec ted  by t h e  engine power condi t ion .  
teniper?S;ur>es nowhere exceed-e6 the  s p e c i f i e d  l i m i t s ,  
inasmuch as the  t e s t  f u e l - a i r  r a t i o s  were extrem?-'y rich. 
Eloweve- in t h e  ? revfous  p r e d i c t i o n  o f  cooling adsquacg 
i+, i s  mndicated t h e t  s a t i s f a c t o r y  eng;fne-cyI inter coolicg 

- w i l l  be bx-prienced a t  s p e c f r i e d  v a l ~ e s  o f  fael-sir r a t i o  
A cowparison of theee d a t a  v i th  ca l cu l a t . i cns  u s i n g  the  
cGrre3at ion lnethod n t  the cond i t i ons  of t e s t ,  ir,d.icated 
sn agqeement w i t h i n  4-O F of t h e  5.verage ?:cad temyeratirre 
i n  maximum cmdurance c r u i s e ,  and wr th in  ~ C F  i n  m i l i t a r g  
porxer cl 9mb. 

Snglne cyl ' in2er 

t '  

Eva lua t ion  of b a f f l e  t y p e , -  The r e l a t i v e  ;merits - cf 
t he  varfoixs types  of ' engine  baffllss ars shown b;r the 
Bverag-e temperatures  measured a t  corresponding p o i n t s  on 
the  va r ious  c;ylinders (figo 26)  These data@ show t h e t  
t he  spark-plug temperatures  were lower: with the tmr3ulent-  
f low h n P P 1 . s ~  thaL w i t h  e l t k e r  of t h e  cthe;- des igns ,   hersas as 
f l 2nge  ts inperatures wi th  convent ional  ba-f'-r"lles were %elow 
those  w i t h  t k c  tu rbu len t- f low OY' dff 'fvser k e f f l e s ,  The 
lowes t  b a r r e l  t e x p r a t u r e s  were ob ta ined  wi th  .-the G f f u s r j r  
i n s t s l l a t i o n  designed a t  t h e  tzbo~atorg~ k X C P ~  d e t a f l s d  
cor?pz.rison G f  the  cg!.Pnder temperature w i  t k i  t he  va r f cus  
b s f f l e  configi i rat . ions i s  ? resen ted  3.n f z p - r e  27. The 
p a t t e r n  of temperature v a r 2 a t i o n  o v e r  t h e  engine wsn 
g e n e r a l l y  unaf fec ted  by changes I n  b a f f l e  conf fExrs t ion  
( f i g .  2 7 7 3 ; ) .  



3 
i& 1 

be s e t  between and 1 incFl o~ ba th  banks. Tnboard. gap 
1. s e t t f n g s  of a?proxiwl,ateiy 2- inches  on tl-ie L e f t  bsnk alld 

If irxhes on ths r i g h t  ba-nk a?pear t o   vide de the  I m e s t  

t e%Fera tures ,  i n  gene ra l ,  t 5 e  inb?ar: l  g z g  s c t t l n g  zl:.?x>esrs 
t o  be l e s ~  c r i t l c a l  ~.r ,sn t h e  c u t b c u 6  s e t t i  
outboard gay zyea i s  i?educed below tckLe E f f e c t i v e  f r e e  Erea 
betv7een c y l i n d e r s ,  a rapid i nc rease  in terrip2rr.ature may be 
ex2ected.  

3 2 

4- - 
L l  

The s tandard  s e t t f n g s ,  used I n  all c t k e r  t e s t e  cf 
I these  b a f f l e s  v?lere i nch  on the  c u t h a r d  s i d e  o f  bGth 
c! 



1 banks? 2 inches  OE t h e  l e f t  bank inboard, an6 1: fnches  
o~ Yne ~ i g h t  bank. inboard, 

T f f e c t  of rernGvixig exhaus t- s tack  shro;xls. - The e f f e c t  
on engice  tempei?%tu.res of reixovmg t h e  exhaus t- s tack  
sb.raouds i s  shown in f i g u r e  30 and t a b l e  5 .  InbocLx-ad cyl-in- 
der, head t e i q J e r a t m e s  Trex'B s l i g h t l y  h lpher  wBthout t h e  
shrac';lds, but t h e  outboar6 head t empe r3 twes  were redxced 
bccsu.se cf t h e  t x r e a s e c ?  coo!.ing F i r  .?low. 

t -  L 

----------- - ~ - .  -i--- 

4ltk.cl.igh chacges f i l  cyl-inder t eagerz  t u r e s  were s m a l l  , 
a~2reclzble inc-eF.ses 5-n o t h e r  i n s t s l J - a t i o n  temperatures  
accomaanied removal. o f  the shrouds, ( s e e  t a b l e  5 9  p a r t  ( c )  ) e  

The ca rbu re to r  air tevipereture  w 8 s  i n c r e a s e d  t o  114O F? above 
the  f r e e- s t r e a m  +,er;ipe=.attnre, the s p m k - p l u g  el'co~r~r~s were 
hotter and the accessor;T coi rtmcrit terrlFeratinr>e was 
increasecl t o  3 5 0  F above the f r e e - s t r e a x  temperature.  

The p r i n c i p a l  r e ~ 1 ~ ~ l t s  o f  t h e  t e s t s  of t h e  XC3T=-1 pxex? 
p lmi t  i n s t a l l s t i o n ,  a s  :3incusseci fn t k e   resent r e p o r t ,  t 

may be s u m m r 1 7 e d  b r l e f l y :  

1 "nginc-cgLin<er ccolinq wlfth t h e  eonvent ionzl  
bq-ff les  i s  p r e d i c t e d  t o  Se adeavate  (by t;-,e co-relstTon 
y3tlio2.) for the  rriil i tary ?ewer a n d  c r u f s e  po-uer f l i g h t  
consitions selectecl  f o r  at-talys4s 

2 Tngine-cyl inder  cool. i ng  ~ f t , i n  t h e  tu r 'mlen t - f low 
b a f f l e s  i s  p r e d i c t e 5  $0 ?3e adequate f G r  the selected.  
f l i g h t  condf tdons ,  except  i n  rn f i i t a ry  c l imb a t  a n  allto 
l e a n  mixture s e t t i n g .  IP o p e r a t i o n  i n  the a u t o  l e a n  
c o n d i t i o n  i s  d e s i r s d ,  sdequate  coo l ing  may be o b t g b e d  w i t h  
l a r g e r  e x i t  areas. 

3. C l l  cooling i s  PreGBcced. t o  be adequate  (by 
c o r r e l a t i o n  method) for t h e  s e l c c t e d  flight c o m l  t i o n s  of  
miiS.taY,jT climb 2nd: rmxim.un endwsnce  c ru i se ,  Sut inadequate  i n  



1 t h e  outboard sicie of 110th banks, 2: inches on t h e  l e f t  
L 3 bsnk fnboax2d side, and 1.i- inchss cn t h e  r i c h t  Sarzk inboard 

'$. 
s i d e .  

7. Fiemoval of the exhaus t -s teck  s k r o z d s  a f f e c t e d  
c-,.Iinder temperatures  only  s l f g h t l y ,  but  lnc reassd  t h e  
carb-oretor  afr iemp5rr ture  above t h e  s necir"ied liait, 2.5 
:.re11 as i n c r e a s i n g  spark-plug el'ucw t m p e r a t u r e s  and t h e  
sccessory compartment te-inperature (L 

8, Siinultaneous sealing of t he  C T r e ~ ~ s l l - c o ~ ~ ~ l i n g  g5.p 
a.hd rerrovsi  Gf tke ei:cine-cooling-efr e r i  t V%:TlC?S h9Ci 



l i t t l g  e f f e c t  on c y l i n d e r  temperatures but incpeascd the 
?.c ce s s o r y  c crcpar b e n t  t e q e r a  t u r e  

, 

r,arrgl ey ?$mor ial Aer or,a.c? t ic a1 z abor at o r g  
National. .ldvisorT; Cornmi t t e e  for Aeronautics  

'rar,gley F i e l d ,  ~ T z . ,  
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The procedure fol lowed in determining the  engine- 
c o o l i n g- a i r  p r e s s w e  dro? r e q u i r e d  and the  a v a i l a b l e  
p res su re  drop is shown In t he  fo l lowing  t a b l e ,  app1yin.g 
t o  the  convent ional  b a f f l e  i n s t a l l a t i o n  i n  r i 5 l i t s r y  high 
spsed a t  s ea  l e v e l .  



Cool i n g- a i r  tempera ture ,  
t a ,  OF 

Cool ing- ai r  d s n e i t g  
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(a) General arrangement. 

(b) Inboard. 

(c) Outboard. 

Figure b. - Installation of turbulent flow baffles. 
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(a) General arrangement. 

(b) Inboard. 

(c) Outboard. 

Figure 9.- Installation of diffuser baffles. 
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Figure 10.- View of oil-cooler rear face. 
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